Helicobacter pylori is a risk factor for the development of gastritis, gastroduodenal ulcers and 18 gastric adenocarcinoma. H. pylori -induced disruption of epithelial adherens junctions (AJs) is 19 thought to promote the development of severe disease; however, the mechanisms whereby H. 20 pylori alters AJ structure remain incompletely understood. The present study demonstrates that 21
Introduction 33
Helicobacter pylori is a gram-negative bacterium that colonizes the gastric mucosa of 34 over half of the human population. In the absence of treatment, infection with H. pylori will 35 persist for the lifetime of the host. All individuals infected with H. pylori develop chronic 36 atrophic gastritis, and in a subset of hosts infection progresses to the development of peptic 37 cadherin is frequently associated with increased invasive growth and metastasis (6) and cleavage 58 of the extracellular domain of E-cadherin produces a fragment that promotes cellular invasion in 59 vitro (22, 35) . This E-cadherin ectodomain is present in elevated levels in the serum and urine of 60 cancer patients (20 CampyGen packets (Oxoid, Nepean, Ontario, Canada). Log phase cultures were centrifuged at 124 1000 xg, resuspended in cell culture medium, and added apically to cell monolayers at a 125 multiplicity of infection of 100:1 for up to 24h. For some experiments, heat killed bacteria were 126 prepared by boiling a broth culture for 2 min, or bacteria were killed by exposure to antibiotics 127 (100g/ml streptomycin, 100U/ml penicillin, 0.8mg/ml tylosin; all from Sigma). Inocula were 128 tested for live bacterial numbers by serial dilution and plating on Columbia blood agar (Sigma). 129
All experiments were conducted in serum free cell culture medium. sonicated and centrifuged at 10,000 xg for 10 min. Supernatants were collected and protein 150 concentrations were quantified using a Bradford assay (BioRad, Hercules, CA). Protein 151 concentrations were normalized to 5mg/mL, and samples were diluted in 2x electrophoresis 152 buffer at a ratio of 1:1, and boiled for 3 minutes. Samples were stored at -20°C until use. 153
Western Blotting-Samples were separated by SDS-PAGE (10-13%) and transferred to 154 nitrocellulose membranes (Whatman, Buckinghamshire, England). Membranes were blocked for 155 1h in 5% non-fat dry milk or 5% BSA in TBS + 0.1% Tween (TBS-T) and probed with primary 156 antibodies overnight at 4°C. Membranes were then washed for 3x 5 min in TBS-T, and incubated 157 with the appropriate HRP-conjugated secondary antibody (1:1,000; Cell Signaling Technology) 158 for 1h at room temperature. Bands were visualized using the ECL-plus chemiluminescence 159 detection system (GE Healthcare, Pittsburgh, PA) and band density quantified using a Canon 160
CanoScan 4400F scanner and Image J densitometry software (http://rsbweb.nih.gov/ij/). To 161 assess protein loading, membranes were stripped in 0.5M acetic acid for 30 min, and re-probed 162 for pan-actin. anti-CagA serum IgG compared to those who were not (Fig 1B) . revealed that 24h H. pylori challenge induced cleavage of E-cadherin to produce a 100 kDa 204 fragment ( Fig. 2A) , which was associated with redistribution of E-cadherin away from the cell-205 cell contact as shown by immunocytochemistry (Fig. 2B) . Similarly, 24h infection with H. pylori 206 induced translocation of β-catenin from the membrane to an intracellular compartment (Fig. 2B) . 207
H. pylori activates μ-calpain in MKN45 monolayers. Given that previous reports have 208 shown the 100 kDa E-cadherin fragment to be the result of cleavage by μ-calpain (33), we then 209 assessed whether calpain is activated in H. pylori -challenged epithelia. MKN45 cells co-210 incubated with H. pylori 60190 for 24h were immunoblotted for μ-calpain, using an antibody 211 that detects both the full length and cleaved, active forms of the enzyme. Challenge with H. 212 pylori enhanced levels of the active 75 kDa form of μ-calpain (Fig. 3A) . To confirm this finding, 213 11 calpain activity was measured over time. These experiments revealed a significant time-215 dependent activation of calpain in cells challenged with H. pylori compared with sham-treated 216 controls. Elevated calpain activity was detected as early as 12h post-infection and was sustained 217 until the end of the 24h measurement period (Fig. 3B) . 218
H. pylori activates calpain independently of
calpain activity was measured using the CMAC activity assay. Both the CagA-and VacA-222 strains enhanced calpain activity in MKN45 monolayers to the same extent and with the same 223 kinetics as the WT strain (Fig 3B) . Antibiotic killed bacteria increased calpain activity to the same extent as live H. pylori, whereas 229 calpain activity in cells exposed to boiled cultures did not differ from that of sham-treated 230 controls (Fig. 4) (Fig. 6A ) and induced rearrangement of E-cadherin and β-catenin in a pattern 247 similar to that induced by H. pylori (Fig 6B) . Furthermore, pre-treatment with the calpain 248 inhibitor PD150606 prevented this P3C-induced AJ protein rearrangement (Fig 6B) . We then 249 assessed the role of TLR2 during H. pylori challenge; 1h pre-treatment with a TLR2 neutralizing 250 antibody prior to 24h infection with H. pylori prevented calpain activation (Fig 7A) and 251 redistribution of E-cadherin and β-catenin (Fig. 7B) . Treatment with the neutralizing antibody 252 alone had no effect on these parameters. These data suggest that activation of TLR2 induces 253 calpain-dependent AJ disruption in MKN45 gastric epithelial cells, and that TLR2 activation is 254 an upstream event in calpain-mediated AJ disruption during H. pylori infection. form that lacks the β-catenin binding domain (33). Calpain can also directly cleave β-catenin, 299 resulting in its nuclear export and activation of TCF-dependent transcription (34). In the present 300 study, we describe a novel mechanism whereby H. pylori induces activation of epithelial calpain, 301 which results in truncation of E-cadherin to its 100 kDa form and AJ disassembly characterized 302 by redistribution of both E-cadherin and β-catenin. rearrangement of E-cadherin and β-catenin (B). Cells were infected with H. pylori for 24h. 581 TL2.1 alone had no effect on E-cadherin or β-catenin distribution. n = 3 per group. 582 583 584
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